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force times the cube root of the distance, our calculated results
would not agree with nature.
We reach the same conclusion by reverting to our illustration of
the ball that was tossed upwards into the air. The brute fact is,
that doubling the starting velocity of the ball quadruples the height
to which it lifts itself; tripling the velocity causes the rise to be nine
times as great; and so on. Therefore the kinetic energy, at whose
expense the work against gravity is accomplished, must be four
times as great when the velocity is doubled; nine times as great
when the velocity is tripled; etc. This means that kinetic energy is
proportional to the square of the velocity. That square is evidently
a fact of nature.
Experiments with objects of different masses show that the
kinetic energy is also proportional to the mass of the moving body.
Taking all the facts into account, we find that kinetic energy equals
one-half the product of the mass by the square of the velocity. (Of
course we must use a consistent set of units to avoid discrepancies.)
To cite one illustration, if we omitted the square in the statement
we should conclude that a runner racing twenty laps, say, around
a small indoor track would waste so much energy changing from
plus to minus velocity every time he rounded the curve at each end
of the gymnasium that he would burn up many times as much food
or body substance as in running the same distance straightaway,
and take many-fold as much time, which is simply not true. But
the square of a real number is plus whether the number itself is
minus or plus, hence the runner does not lose his kinetic energy
when changing his direction from north to south, say, on rounding
the curve. This agrees with experience.
We have devoted so much space to work and kinetic energy be-
cause these are fundamental in the discussions of all the forms of
energy with which we shall be dealing. The concepts of work and